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Abstract

Hepatitis C virus (HCV) infection remains a serious global healthcare
challenge, often leading to chronic disease with complications such as liver cirrhosis,
hepatocellular carcinoma, and extrahepatic manifestations. According to the World
Health Organization (WHO), an estimated about 50 million people lived with
chronic HCV infection in 2022, highlighting the ongoing need to understand the
immune mechanisms driving disease progression. HCV may evade of
immunosurveillance, so that disease progression is linked to specific immune
response, whereas reactivation risk after antiviral therapy exists, which together
account for a need to gain understanding of underlying immune mechanisms. HCV
may infect lymphocytes primarily B cells serving as a virus reservoir and result in
diverse systemic complications. The current study focused on analyzing peripheral
blood CXCR3+ B cells at various differentiation stages in patients with chronic
HCV infection to assess a potential link to clinical and laboratory markers of disease
progression. Blood samples collected from 58 patients with chronic HCV infection
and 27 healthy controls were examined. When analyzing flow cytometry data, we
noted a significant B cell redistribution in HCV infection compared to control
samples presented as a shift towards activated mature, resting memory and ‘double
negative’ B cells characterized by increased expression of chemokine receptor
CXCR3. Flow cytometry analysis revealed no significant difference in total B-cell
(CD19+) but elevated memory B-cells (CD27+CD19+) (p=0.037). CXCR3
expression peaked on memory B-cells and increased across all B-cell subsets in
HCV patients (p<0.001). Redistribution toward differentiated B cell subsets—
double-negative (CD38-CD27-), resting memory (CD38-CD27+), and activated
mature (CD38+CD27+) B-cells was observed, with elevated CXCR3+ percentage
in the latter two subsets (p=0.017 and p=0.001, respectively). HCV viral load
correlated positively with CD38+ B-cells and CXCR3+ naive/activated mature
subset counts but inversely with CD38+ B1/B2/memory cell levels. Genotype 1 and

advanced fibrosis (F3/cirrhosis) were associated with reduced B2 cells and increased
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CXCR3+ B1/B2 subset levels. These findings suggest that chronic HCV infection

drives B-cell differentiation and CXCR3-mediated recruitment to the liver,

implicating CXCR3 in disease progression.

Keywords: B-cells, CXCR3, hepatitis C, flow cytometry, viral load, liver fibrosis.
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Pe3rome

Nudeknus, BeizBanHas Bupycom remaruta C (BI'C) sBnsercs cepbe3Hoi
ro0anpHON MpobsieMoit 3npaBooxpaneHus. [lo qanasiM BeemupHoit opranuzanuu
3apaBooxpaHenus 3a 2022 roa B Mupe okoiao 50 MUUIMOHOB YEJIOBEK XKUBYT C
XpoHndeckuM BupycHbIM renatutoM C. Mudunuposanne BI'C yacTo npuBoauT K
XPOHUYECKOMY TEYEHHUIO, COINPOBOXKJIAIOIMIEMYCS TaKUMH OCIOXHEHHUSMH, Kak
IUPPO3 NIEYEHH, FeNaTOLIUTIONSApHAs KaplIMHOMA U BHEIIEYEHOUHbIE MPOSBICHUS.
BI'C cnocobGeH yKJIOHITBCS OT WMMMYHHOW CHCTEMBI, IPOTPECCHPOBAHUC
3a00J€BaHUsl  CBSA3BIBAIOT C  pealu3alieili HMMMYHHOIO  OTBETa, IIOCIE
IPOTUBOBUPYCHOM Tepanmuu CYyIIECTBYET PUCK PEUH(MEKIUU, AT MNPUUUHBI
oOyclaBnuBaeT  HEOOXOAMMOCTh  MOHMMAHHUS  HWMMYHHBIX  MEXaHH3MOB,
omnpeaessiromux — pasButue 3abosneBanus. BI'C  crocoben uH)uUIMpoBaTh
TUMGOIUTE, B YaCTHOCTH B-KJIE€TKH, TPUBOAS K Pa3IUYHBIM CHCTEMHBIM
OCJIO)KHEHUSIM, KpoMe Toro, B-kieTku moryt sBasTecs pesepByapom mis BI'C.
Takum 06pa3oM 11ebI0 UCCe0BaHus cTaio u3ydenue cyonomyssauit CXCR3+ B-
KJIETOK pa3iUyYHbIX CTaaud AuPQPEepeHIupoBKH B Mnepupepruueckodl KpoBU
NAIMEHTOB C XPOHUYECKUM BUPYCHBIM TrenatutoM C U CBsA3M cyOnonmymsuuii B-
KJIETOK C KIMHUYECKUMU U JIaDOpAaTOPHBIMU MapKepaMH MpOrpecCUpOBaHUs
3a0osieBaHus. B rccnenoBanny UCIONIb30BaHbl 00pa3Ibl KPOBU OT 58 MAIMEHTOB C
XpPOHUYECKUM BUPYCHBIM TematutoM C u oT 27 YCIOBHO 3[0pPOBBIX JIMII.
AHanu3upys pe3yabTaThl IPOTOYHON ITUTOMETPUH, MBI OOHAPY KN 3HAYUTEIHHOE
nepepacmpezeneHue cyononyssanuii B-muM@onuToB nmpu XpoHuuecko nHGEKINHU,
BbI3BaHHOUW BI'C mo cpaBHeHuI0 ¢ koHTpojieM. HaGmronmancs caBUT B CTOPOHY
AKTUBUPOBAHHBIX  3pEJbIX, TMOKOAIIMXCA KJIETOK TaMsITH U  «JIBOMHBIX
oTpulaTenbHbIX» B-kimerok. Ha 3Tux kineTkax Obula MOBBIIMIEHA SKCIPECCUs
xemoknHoBoro pernentopa CXCR3. He BBISIBICHO CYIIECTBEHHOW pa3HHIIBI B
obmem komudectBe B-kimerok (CDI19+) mo cpaBHEHHIO C KOHTpPOJEM, HO
kosimdyectBo B-witetok mamsatu (CD27+CD19+) 6buto moseimeHo (p=0,037).

Okcnpeccust CXCR3 6p11a Hanbosiee BRICOKON Ha B-KileTkax maMsITH U ITOBBITIIEHA
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BO BCeX CyOmomymsiusx B-kieTok y MalnueHTOB C XPOHUYECKHUM BHPYCHBIM

renatutoM C (p<0,001). VYcraHoBIE€HO mepepacHpeieieHHe B CTOPOHY
nudGepeHIIMPOBAHHBIX CyONOMyIsSIii - ABakabl HeratuBHBIX (CD38-CD27-),
nokosmuxcss kierok namiata (CD38-CD27+) u  akTUBUPOBAHHBIX 3pEJIbIX
(CD38+CD27+) B-kmetok. bbula mpomeMOHCTpHpPOBaHA — TOJOXKHTEIbHAS
KOppEeJsIs MEXAYy BUPYCHOM Harpy3koil u ypoBHem CD38+ B-mumdouutos, a
takke CXCR3+ HauBHBIX/aKTUBUPOBAHHBIX 3peNbIX cyonomyisiiui. Kietku
namsatd CD38+ B1/B2 mpoaeMOHCTPUPOBAIN OTPUILIATEIBHYIO KOPPEISIIHIO C
BUpYyCHOM Harpy3kou. Jlnmsa renorumna 1, mporpeccust ¢pudbposa (F3/muppo3 Obuia
accOIMMPOBaHAa CO CHUKEeHUEM B2 kieTok v moBbIIeHHBIM cojiepkanneM CXCR3+
B1/B2 cyOnomymsiuii. JlaHHBIE pe3ybTaThl MPEAIONAraloT, YTO B HPOTPECCUU

HCV undexuu 3aaeiictsosan peuentop CXCR3.

KuawueBsbie caoBa: B-kierku, CXCR3, rematut C, nporodyHass UUTOMETPUS,

BUpYCHasl Harpy3ka, (udpo3 MneueHu.
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1 Introduction
Hepatitis C virus (HCV) infection remains a serious problem for global
healthcare. The disease is often chronic, with the development of liver cirrhosis,
hepatocellular carcinoma and/or extrahepatic complications. According to World
Health Organization (WHO) data, in 2022 there were 50 million HCV patients
worldwide [23].

Despite being known for tropism to liver tissues, HCV replicates not only in
hepatocytes, but also in various types of immune cells. HCV infects the cell through
interaction with CD81 receptor on the surface of hepatocytes and B lymphocytes.
Some authors suggest that B-cell virus tropism leads to various systemic
complications, such as mixed cryoglobulinemia [7], rheumatoid factor production
[15], lymphoproliferative disorders [24], B-cellular lymphoma [20-21]. In addition,
it is likely that B-cells may act as an additional reservoir for HCV survival in the
host [9]. Therefore, B lymphocytes can play a significant role in the immune aspects

of chronic hepatitis C development and its complications.

Studying B-cell subsets and their role in development of infectious diseases is
an object of high interest, correlating with clinical and laboratory markers of disease
activity. However, subsets of peripheral B lymphocytes in chronic hepatitis C are
poorly studies compared to other infections. In the classical way of B lymphocyte
differentiation into subsets of B1, B2 and memory B-cells receptors CD5 and CD27
are used as markers. B2 cells (CD5-CD27-) form the main subset of B lymphocytes
and play a major role in the humoral immune response. Memory B-cells expressing
CD27 are more sensitive to antigen stimulation, they proliferate quickly and form
plasma cells [5]. CD5-expressing Bl cells are associated with production of
autoantibodies; their increase considered to be related with autoimmune pathology
[10].

Another B lymphocyte differentiation scheme according to the stages of
maturation is based on co-expression of CD27 and CD38 [8]. The smallest subset is
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transitional B-cells (CD38brightCD27-). This population migrates from bone

marrow to secondary lymphoid organs as the earliest subset of B lymphocytes that
appears in peripheral blood. The largest subset is “naive” mature B-cells
(CD38+CD27-) with signs both of “naive” and mature B-cells. A subset of activated
mature B-cells (CD38+CD27+) can be differentiated into a subset of resting memory
B-cells (CD38-CD27+) or plasma cells (CD38brightCD27+). The final subset is
“double negative” B-cells (CD38-CD27-) with no clearly described features [12].

This classification allows to better characterize both stages of maturation and

B-cellular immune responses in chronic hepatitis C.

One of the most well studied chemokine receptors in HCV infection is
CXCR3. The expression of this chemokine receptor increases significantly on B
lymphocytes and, especially, on memory B-cells during chronic infection [16]. This
reflects migration and involvement of these cells in damaged liver tissue and their
participation in immunopathogenesis of chronic hepatitis C [13]. We, too, previously
published data on B-cellular subsets and CXCR3 expression [1]. Within our previous
study, we explored B1, B2 and B memory subsets between HCV infected individuals
and controls. We noted no statistically significant differences between these groups.
However, the percentage of CXCR3+ cells was higher in patients with HCV
infection. To further investigate these finding, we improved the gating strategy by
adding CD38. The use of current gating strategy based on CD27 and CD38
expression allows to determinate all main peripheral blood B lymphocyte subsets
and measure CXCR3 expression. Moreover, we added severity of liver fibrosis and

the viral load into analysis.

The purpose of this study is to investigate changes in the peripheral B and
CXCR3+ B-cell subsets in chronic HCV patients and explore a relationship between

clinical and laboratory markers of disease activity.

2 Materials and Methods
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For this study, we used blood samples from 58 patients with chronic hepatitis

C infection. All patients were positive for HCV RNA, had not received antiviral

therapy, and were not infected with HBV and/or HIV.

The control group included 27 healthy donors not infected with HCV, HBV
and/or HIV. All participants lived in the North-West region of Russia.

Data acquisition was performed with flow cytometer Navios™ (Beckman
Coulter, USA) equipped with 488 and 638 nm diode lasers. The following
monoclonal antibodies (mAbs) were used with corresponding mouse 1gG isotypes:
CD5-FITC (clone BL1A), CD38-PE (clone LS198-4-3), CD3-ECD (clone UCHT1),
CD27-PE/Cy7 (clone 1A4CD27), CXCR3-APC (clone GO025H7), CD19-APC-
Alexa Fluor 700 (clone J3-119).

All above-mentioned mAbs were manufactured by Beckman Coulter, USA
except for CXCR3-APC (by BioLegend, USA). Sample preparation was performed
according to the standard procedure [2]. The gating strategy for the main B-cell
subsets was described previously [11]. We used VersaLyse lysing solution
(Beckman Coulter, USA) for erythrocyte lysis. At least 50000 lymphocytes were
analyzed in each sample. The absolute number of cells was determined using

FlowCount™ reagent (Beckman Coulter, USA).

For a study of B-cell subsets content and CXCR3 expression depending on
HCV genotype all patients were divided into two groups — genotype 1 (n=35) and
“non-1" genotype (n=23). The stage of liver fibrosis was assessed via METAVIR
scale (FO - absence of fibrosis, F1 - weak fibrosis, F2 - moderate fibrosis, F3 - severe
fibrosis and F4 - cirrhosis) [22]. Based on fibrosis stage, patients were divided into
three groups: FO-F1 (n=27), F2 (n=12) and F3-F4 (n=10). All patients were tested
for viral load. Data were analyzed using Navios Software v.1.2 and Kaluza™ v.1.2
(Beckman Coulter, USA). Statistical analysis was performed using GraphPad Prizm
6 (GraphPad Software, USA). Data are presented as median, interquartile range (25;

75%), minimum and maximum values. Statistical significance between groups was
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determined by Mann-Whitney test, differences were considered significant at p <

0.05. Correlations between parameters were assessed using Spearman correlation

analysis.
3 Results

The strategy of peripheral B lymphocyte subset analysis included separation
of B-cells from other lymphocyte subsets based on CD19 expression. Then, using
dot plot for a distribution of B-lymphocytes numbers of B1 (CD5 +), B2 (CD5-
CD27-) and B memory (CD27+) cells were determined by expression levels of CD5
and CD27. Based on co-expression of CD38 and CD27, we analyzed transitional
cells (CD38brightCD27-), “naive” mature cells (CD38+CD27-), resting memory
cells (CD38-CD27+), activated mature cells (CD27+CD38+) and “double negative”
cells (CD38-CD27-) (Fig. 1). Expression of the chemokine receptor CXCR3 was

determined on a separate histogram for each subset of B-cells.

The total number of B-cell subsets (CD19+) in peripheral blood of HCV
patients was not significantly different (p=0.68) from the control group. When B
lymphocytes were divided into B1 (CD5+CD19+), B2 (CD5-CD27-CD19+) and B
memory cells (CD27+CD19+), elevated numbers of memory B-cells were seen in
HCV patients (p=0.037). CXCR3 expression was different among B-cell subsets in
both groups (Fig. 2). Memory B-cells expressed CXCR3 at high levels, whereas the
expression for B1 and B2 cells was comparatively less. In HCV patients, an
increased number of all three subsets of B-cells expressing CXCR3 (p<0.001) was
noted.

Numbers and percentages of transitional (CD38brightCD27-), “naive” mature
(CD38+CD27-), resting memory (CD38-CD27+), activated mature
(CD38+CD27+), “double negative” B-cells (CD38-CD27-) and subsets of these
cells expressing CXCR3 were determined. In HCV patients, a redistribution of B
lymphocyte subset composition was seen, from “naive" resting B-cells towards more

differentiated subsets of “double negative”, resting memory and activated mature B-
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cells. The percentage of CXCR3+ cells was also elevated among resting memory B-

cells (p=0.017) and activated mature B-cells (p=0.001).

The content of CD38+ cells of B lymphocytes (this subset includes
transitional, “naive" and activated mature B-cells) correlated with HCV viral load
(r=0.453; p=0.014), and the content of CD38+ cells of B1 (r=-0.401; p=0.031), B2
(r=—0.538; p=0.003) and memory B-cells (r=—0.403; p=0.030) inversely correlated
with HCV viral load. Correlations were observed also between HCV viral load and
the content of “double negative” B lymphocytes (CD38-CD27-) (r=0.453;
p=0.014), CXCR3+ B lymphocyte subsets: CXCR3+ “naive” mature B-cells
(r=0.394; p=0.034) and CXCR3+ active mature B-cells (r=0.477; p=0.009).

Based on the HCV genotype, the group with genotype 1 there demonstrated a
reduced (p=0.009) percentage of B2 cells 55.57% (48.44; 59.32) compared with the
group of healthy donors 68.96% (59.6; 72.43).

In the group of HCV patients with fibrosis FO and F1, there were increased
numbers of memory B subset (p=0.015) and a reduction of B2 subset (p=0.012)
compared with the control group. In the group of HCV patients with F3 fibrosis and
liver cirrhosis, an elevation of memory B-cell subset (p=0.015) and reduction of B2
cell subset (p=0.004) were seen compared to the HCV patients with FO and F1
fibrosis. The numbers of CXCR3+ Bl and CXCR3+ B2 subsets in the group of
patients with F3 fibrosis and liver cirrhosis were elevated compared with the group
with FO and F1 fibrosis (p=0.050; p=0.027). There was a trend towards a rise in the
numbers of CXCR3+ B1 and CXCR3+ B2 cells as the fibrosis progressed (Fig. 3).

4 Discussion

The available studies on memory B-cells in HCV patients are contradictory.
Our results are most consistent with the results of Rosa et al, 2005 and show an
increased percentage of memory B-cells in peripheral blood of HCV patients

compared to the control group [16]. This is also consistent with the fact that CD27+
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B-cells are less prone to apoptosis than CD27- B-cells [14] which explains their

elevation in the peripheral blood. Memory B-cells are quickly activated by antigen

stimulation.

In the group of HCV patients a reduced percentage of B1 cells was noted when
compared to the total number of B lymphocytes. This finding, we believe, is most
likely due to the increase in memory B-cells. Other studies either unchanged [18] or
increased numbers of B1 cells [25] in peripheral blood of HCV patients. This could
occur if the group included patients with systemic complications associated with the
dysregulation of B-cellular immunity. In the meantime, HCV patients demonstrated
a reduced number of less differentiated B-cell subsets (e.g., transitional and “naive"
mature) and an increase in more differentiated (activated mature, “double negative”
B-cells). Our results demonstrate that chronic hepatitis C is associated with the
redistribution (or an imbalance) in B-cellular fractions towards more differentiated

cells.

CXCR3 expression is higher on more differentiated B-cell subsets, and our
findings on CXCR3 expression suggest that these B-cell subsets are attracted to the
infected liver tissues. Their presence in tissues and the degree of attraction varies:
resting memory B-cells, activated mature B-cells, less “double negative” B-cells,
and least CXCR3-expressing cells are transitional and “naive" mature B-cells.

CXCR3 is involved in B lymphocyte transmigration through the endothelium
of sinusoidal capillaries of liver [4]. Our results on the expression of CXCR3 on B
lymphocytes and memory B-cells confirm already existing studies [14, 19].

Previously, we have published a review article on CXCR3 expression in
various infections, and although it focuses mostly on CXCR3 expression in T cells,
there are some points to be made concerning HCV [17]. For HCV infection, CXCLJ9,
CXCL10, and CXCL11 are key ligands for CXCR3 that are elevated [6]. The
persistent inflammation driven by CXCR3 ligands in HCV could influence B-cell
activation, antibody production, and possibly autoantibody formation. High serum
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levels of CXCL10 are associated with advanced liver fibrosis and extrahepatic

manifestations like vasculitis and autoimmune thyroiditis in HCV patients [3].
CXCL10 levels correlate with liver fibrosis scores and enzyme concentrations,
suggesting a role in disease progression. Targeting CXCR3 or its ligands could be a

potential therapeutic approach to modulate B-cell responses in HCV.

We believe that B lymphocytes, specifically their more differentiated subsets,
are either constantly present, or migrate into the infected liver tissues during HCV

infection.
5 Conclusions

We discovered that CD38 and CXCR3 expression on B-cells is dependent on
viral load. In addition, we have demonstrated that the late stages of liver fibrosis are
followed by the depletion of memory cells and an upsurge in CXCR3+ Bl and B 2
cells. When taking HCV genotype into account, patients with HCV genotype 1
demonstrated higher levels of B2 subsets. These relationships require further
investigation and we encourage our readers and fellow colleagues to join the

research of this topic.

This research was funded by the government task of the Institute of Experimental
Medicine FGWG-2025-0004 (registration No 1022041101001-1) and the
government task of the Pasteur Institute registration No 121021600217-1 from
16.02.2021.
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PUCYHKHA

Figure 1. A distribution of the main B cell subsets by expression levels of
CD27/CD5 (A) and CD38/CD27 (B).

Pucynok 1. PactipegeneHune ocHoBHbIx cybrnonynaumii B-kjieTok Ha OCHOBaHUU

akcrpeccun CD27/CD5 (A) u CD38/CD27 (B).
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Figure 2. B lymphocyte subsets in peripheral blood of chronic HCV patients and

healthy donors [Me (Q25 - Q75)].

Pucynok 2. CyOnomymsiuuu JIUMQOLUTOB MepUPEpUYecKoil KpoBU OOJBHBIX

xpoHuyeckuM BupycHbIM renatuTom C [Me (Q25 - Q75)].
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Comments. A: The percentage of B cell subsets of total B lymphocytes (CD19+);
B: The percentage of CXCR3+ cells of B cell subsets; C: The percentage of
CXCR3+ B cell subsets of total B lymphocytes (CD19+). * P < 0.05; ** P < 0.01,
*** P < 0.001.
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KomMmentapuu. A: IlpoueHT B-kiaeTouHbIlx cyOnonynasiui oT oOuiero uucia B-

mamdoruroB (CD19+); B: TIIpomentr CXCR3+ xnetok ot B-kimerodnbix
cyononymnsnuii; C: Ilpouent CXCR3+ B-kierounbix cyOnonyssiiiuii oT oO0IIero

gucia B-mamdonuros (CD19+). * P < 0,05; ** P <0,01; *** P < 0,001.

Figure 3. The composition of lymphocyte subsets in peripheral blood of chronic
HCV patients with various stages of fibrosis (FO-F1, F2, F3-F4) and healthy donors

[Me (Q25 - Q75)].

Pucynok 3. CyOnonyJsiMOHHBINH cOCTaB JUM(OIUTOB rNepupepruieckoil KpoBU

OOJBHBIX XPOHUYECKUM BHPYCHBIM renatutoM C ¢ pa3nudHbIMU cTagusiMu Gpudpo3a

neuyenu [Me (Q25 - Q75)].
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Comments. A: The percentage of B2 cells (CD5-CD27-) of total B lymphocytes;
B: The percentage of memory B cells (CD27+) of total B lymphocytes; C: The
percentage of CXCR3+ B cell of B1 lymphocytes (CD5+CD19+); D: The
percentage of CXCR3+ B cells of B2 lymphocytes (CD5- CD27-). * P < 0.05; **
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P <0.01; *** P < 0.001; FO-F1, F2, F3-F4 - groups of HCV patients at different

stages of liver fibrosis.

KommenTtapuu. A: Ilponient B2-kierok (CD5-CD27-) ot ofOmiero uucia B-
auMmpornutoB; B: Ilponent B-knerox mamstu (CD27+) ot obmero uucia B-
aumdonuto; C: [Ipounentr CXCR3+ B-kietok ot Bl-mumdoruros (CD5+CD19+);
D: IIpouerr CXCR3+ B-kiietok ot B2-mumdormros (CD5- CD27-). * P < 0,05;
** P <0,01;, *** P <0,001; FO-F1, F2, F3-F4 — rpyniibl 60JbHBIX XPOHUYECKUM

BUPYCHBIM renatutoM C C pa3IMyHbIMU CTaIUAMHU PUOpPO3a MEYEHHU.
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